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immn 1 1 

tt7fc£-^<50SiJ£-T-jxtt fcjfiiSS tS?^I4ttiGR I N U > X & x l§P3fHi^^ - 
-XT©* 2 tlTU 0 » GR I N U ^ Xtmm? v XH^jgj® L fc*fc%fttt Z> U >Xtf§ 

X . BulBP3tt^<^^0^*-t-5 x - -X^-Tj^Sfflfflu: tt G R I N u > Xf*AJL* ftHTjco 

X^/frSft ¥tf X'-f flXis 9. G R I N U > Xff A?Lt U > Xf+§ v * s 5M K J? A 
?L«> X - X^lS^^^T'-f tlti^LTfc •) » 7fc7 r >f ^-A^-bAWL GR I N U 
>X*>? >v XHT-Jxtt L^7feli7t7 t -f^-BlcA*) s jfiiSLfc^ttu >Xft§7 th^ 
K ic A •? TtS^PJS L . 7t7 r 4 '<-B frh AM L G R I N U > X<o 9 v XjglTJx 
ft L £ t\i t£ 7 t -f ^-AlcA 1 ? . 2liflLfc^tttX 'J - X<7>l§«t>ffeg&c7>-f tlTtli^ tlfc 
f¥ A?Llc J: o T£ c SffAJLi: 1*3 E fc » A?L i: * A Mffl ? Jxtt » il^S^^iM 

"7 — t - ? — o 

BUffi* ') -Xl±. ^3l«TliM(Ot7 #7 X. -? *y V ?ttX3b% 

BtilfiG R I N u > X4"lM4 fciiuieu>Xtt§7*H K 4"^IA^ tl» L . 9 

•y X IS * jgig-t £ ^ # ^ x V - a R x HuI5u>Xtt£-7;fh 7 4 * - * <r> \, y xm. 
SDA 1 , 2L£1. 5 1 7 R + D/2TJ>5: i: * 4f 85( -* S IS # « 1 ±? £ 2 ic fei.<0 



1-BTAHtlJ KHPW 

[000 1 ] 

*¥&Wlt. at iz Ttii m ftmiz a v> x m v> «o ti -5 it >* n - 1 ^ 9 - iz i& Z> 1 <r> x- *> 5 . 

[»*«»] 

[ 0 0 0 2 1 

^sint^s*** =k u mmm<n m 1$ \z wt^r zfztb. m^m^-iz «* &mi$t>**> italic «* h 
mit^hWnL^^&z* g><<7>m&t%z>'r-zr>iiz. & * ft <h mm^m £ o 

[ 0 0 0 3 ] 

ft ❖ izmmznx < & t . mm^n^^mmizn t£*>nz> * 7 icft *> . zrz 
j etiizft'yTmrz%m& : h%±Lx^<tztb.. 2 ^izitmmm^n^^^ mmmitmna-t 
sctici^c it~y t a '<-cr>mmx'% £M*^±t-f zrzdbizit. m&mm&rz *) <^m 

^ ^mm^n-o^^^^^cnm^^^-^ity r -1 ^-^xmmizmm-t z t ^ 7 rea* & 

0 T & „ 

[ 0 0 0 4 ] 

£7Ut^&-$:fllc#-a£ Lfc 9 . i£lc^n^n^^^<7)7tfI^^^&Lfc 0 . licit it 
<l^^)*fttffA*ft47 kSofcWa ve length Division Mult 

1 p 1 ex (WT, WDMtl&t) >- * t u ij*>&m iz ft -5 . *38» fc*i#/jn "t £ t^tc. » 

fctisiss^asttt^s < ft *. Km^frX&LrzMtrizi*. tmta^fr t zxxml 
tz <7> & mm izfcn~tz>& i g . ytm*f<7>mffi<7)^^iz-ftx% < . m-tiz z^xitm 

£fz. iuMWM fc'JI < ft * t . ^7t^^*-*^^ 
»-r*£i+?t)tfi-^J£a»i$SI LT L a 7 fc*>. ^tfi-f-*iSiffi-tSfc«x^E r b i um 
Doped Fiber Amp 1 i 1 i e r (WT« EDFAt ■&■*) hinllt 
<4*^tcft£. EDFATIi, if ^^Bri" £ C 2:^ B to i: LT?Kg&jb><b A*J Ltzit 

m^\zm-y zfafg*? . mm Lrz^^izmm-t STt-ft^^s^iEBiicieg-t* c t 
rmmv^xt ftoTsxv^. 

[ 0 0 0 5] 

WDMxAfZ,lcfcuTlJ, tUI^ Att •tiitt<7>^|S])b*^*oTfe , ?. tUI^^E- 
9 'J > 7~?Z>M£x\z \t. "cCOlifa'&ltftlZ'&mt 2 tlft^o fz. -U. EDFACfcut 
li. ~f u -^f-^ Att LT, t -f c tic* oT^Mfcli 

5 7 L/iTfe-fl-^-^jtSiE-r -5 d h b*3h *) . it ft ^ <^ Ji ffi * * iE 01 Ic ¥0 

Bf"t*fc«>lc»i, Attffl!j7 r ^*-ib^<7)7fefI^-<?> A^#^n L . ftltf M 7 r ^ - ^> <7) 
E 0^tt*ft»iLftv^v^7«»fii**^^Jcft-5. 
[ 0 0 0 6 ] 

^^^-^^ftTtfi^^t^? 'J > rfiftt LX\t. it*) 7- 7 T--gP<7)7fef|^^^iK L 
. ^iKLfe7tf|-^*7t7 r ^ ^-i'il^ tlfe7 t^-(t- KTijJltS i:v^ 7^^** 

^, C t IC J: ») Ttfl-f-^^lK^ -ItS t ^ 7 ^i^T-*> 0 . fr-oj&m&n&g fc'^iKfi^mSft 



[ 0 0 0 7 ] 

JR»v>J§ < /hSIfbd *ifc5R^I«Ht^t-''« , 7-^=. 7 -co-fly^ iftfp^:^ 1 icIPl^S tlT 
v^-S. BI^3nTv^S«3S*0 6 tc^f . 2*^*7r^<-5 1 . 5 2*ft4-7*f 
^tt'7'J-^7X7ii-i53tGRIN (Gradi ent Index) u > X 

5 4 *Pffj£*>£R£ 5 5^£li-Trtfa2-t±T^& 0 G R I N U > X^ffilc It 7 4 >v 9 - b 

6 fc*Jft>/£2 *U G R I N U > Xfc*«b AoT§fc7t*>/xtti:2SiS*?T# 7 . 2ljfl LfcTttt^ 

«5 7 ^m*) y * \- > ? 9 - 5 s x-mmt^iz'&mz 5 9 •? ai <* tiTt 

& ^> ?t<r> fa £ fij fe-t £ *b tf> T- 3b & . v n, * if ? — if * 7 i ;u - a 5 3 £ G R 
I NU>X54fl^77 > fa--7*6 0. 6 1 -?teEi*#>$ ilTv^S. 2^t7r^<- 
5 1 , 5 2 lix Rftfcft^AJjfe.kvajTJfcfT'?;:*: ^T*S £<7>T*. 35C 7^ fa '14 ^ '< 7 - t 
-?-i:f ::T\ G R I N U > X li+'kiAfc^frfflTjlSllcfa^o TJRtJtUcil 

f^ftlclSJIf^a^ffcLT 5 if*? xi!i<?>P3*iT'*>^o JSJff^a. ^MtlSli^T^I 
oTfc^s Kfrfrfflmiz fa o TE frti&lu a*£ e £\ it^Wii ^fatt + '^li^falcffii-f 

[ 0 0 0 8] 

liGR I NL>X54 ^ii IGRIN^ X<7>JM<^7 ^^-5 6 £3Jg-tS. 7 -f * 

y - 5 6 izmm l fc7t mat lgrinu>x54 5 5 *> . ?t-> r -r 

^-5 2CAUm^3fet4*. 7 * 9 - 5 6 L fc^tt^RC 5 7 9 . 7*N> 

ffM-5 8 1: a o mnm^-iz^m 2 ef 5 9 ^mtui-^ t lt as 71 2*1*0 c 

n^-ii<?>^<^^S&^^^^^EPT-^ LTv^. mz. it •? t A 5 2 fc^Tt^AtlS 
i:Hua!Lfc7tg&J: |3j+|<7>^ii^7c tr 9. ft? r -f 5 1 ft -t (*737t) C 

ki'Tli. 7 -r 4, 7 - 5 6 *585S Lfcfttt^Rfc 5 7 %a 9 . 7 * h > ^ ? 7 - 5 8 ic 

ISS^B^T-a^^^^-^f^ 'J-^7X7iil,-it^^ X — x 7 * h > ? 7 — ^ 

[ 0 0 0 9 ] 

l^fflfcitt 1 ] *SJtf fF 6,603.906 B2 133 
[0010] 

^-73fa1±^*L/i7fe^7-t =. 9<7)-mt)*. tt&nitffi. l^) 2 0 0 2 ¥3^28Bi: 

mm $ nrzm^-mmma^^^m^^^izis^x . mmm^ c - 3 - 5 1 x-m^^ 

co^mm LT^i. 1, #— h 2 i: Bf ^ ^ tlT £ 2 *<7>t\;7 t-I'<-8 1. 8 2 

%ttS2«7i*-i80L G R I N U > X 8 3 %^^tTu5. GRINU>X8 
3 c^j^taic ;7-84 ^ff^^L. ^ <?5 Jx tt t j&t& * ft o T v^S . G R I N U > X 

[001 1 ] 

ycntintitmi xmrn-t «7r^<-8i (#-n) *^Aot7t ( atj^) a 

. GR I NU>X8 3tI , )i«#5 7-8 4TlxWtiS*g3t. /xttLfc^ttiU G 
RI NI>X^I»)^7t^?-82 (#-h2) lcA0ffi777ti:^-z> o l^m^ 5 9 - £ 

ais&LfcTtett. 7^h^^^?-8 5 ic a *> m^m^izmmz tim? 8 8 t^mmm^ 

-8 2 (t:-h 2) <)^Aot7tlcov>Tllflt^. 7t77-(A-82 ( # - h 2 ) 
Ao^T^li. GR I N U >X8 3^ii»)Sim#5 7-8 4T-jxt*t^ii^gc-tc Jxltt L 

7t a % swgr i Nu>x^i07t7 7^N*-8 i (#-n) a*) &tiytt#z. m 



at y a t ^ v * a j ^ s a r j i j y s — o j ^ jdi "J v /r dp v c oi c n o c "< f> /w <xj ^ 

7t7T-(A'-8 2 ( #- h 2 ) i>»«b Ao fc7t^>^^liPJST-§ iuctt^S. 3 ft<b- 
a<^>7t<?>jS8&*Bfi[*l<iO^EPT^LTv^*. o i; >K a--8 1 (*-h 1) h A 

ofcTtwftKttiSTgSi)*, *77^t-8 2 (l-h2) frhK^>rz9t<r>i&&\*m%. 

[0012] 

HtftftJCffi 1 ] 2 0 0 2^3^28Hiffi «^*i»5i1t^£ 
5 1 1 83<-y EI 3 

[0013] 

0 7 \Z ^ L ^ — 7J ft 14 ^ >* n - t — 9 - T- IS x GR I N l> > X£7 * h 7 A * - H <F> 
iiLW.ffli&lzn*TWiCX^Zfzl-r-Z3r> *) . HBL^Sli^Bfl i£ — 75 |S] 14 ?fe i - t 
-^-fc-tiCtt. GR I Nl^>Xi:7th r-ft-h'^, #7 x x -j - y^^fflv^Tte 
Si**) k E£*fT & 7 'J&S***>4. GRIN^Xt7tF^^ K *>* 5S L 56 §f <S k 

* Kft^7t7 7-(M--i,^Ao 7c7fc<o^ii7fc^*fc*n LTLi7feA, GRINt>Xt7 

* h r >f K tt - ± BE »%*-t^S 
[0014] 

13 5 IC^-f j#il«0 7fc^ v-^-^-^^BtiMfpL^o ^7t^(a--3 i , 32^ttS 
tvrf-*77^<-30kGRINl/>X34'&, ^ 1$ 3 3 a l+ T *t 6) 3 ■£ . f 
•y7f-i7 7'(A , -3 0tGRINL>X3 4fl, ^7 7f a-73 5T'i£Lfc, G 
R I N U > X 3 4 Affile li 9 v y'm 3 6 %ai+Tv> S. GRINU>X34 <?>4"C>«l t 
7th 7^t-K3 7^^^i«, 0. 9 mm-f «b LTv>£. GR 1 N L > X3 4 t 7 t 

3 8 T'tHS L 7y77|7,'j-73 8UIfe«ffe7y7 7,^ifflLt 0 
[0015] 

ft 7 r >f - 3 U^AotTtlJ, ^Bt3 3fcGR I Nl>X3 4*Iv ?*;7I3 6 
T-ixW kjM^jgZ t. ixtt L fcTtli G R I N U>X3 4 k£|$3 S^ii^^^r 
3 2l:A5. ^ii LfeTttt 7 *• h 5M * - K 3 7 ic A »K JW^ 39*0 MfMi*? t LTttS 
7j2 C tl^-il^7t<^^S&^^)^<50^E|JT-^-r. iXlc. 7f7 t >f 3 2 jt>*«b Ao 

7c7tH , ^.m 33tGRINl>X34 0 7 -v 3 6 T* Jxtt k Sgjfi * ££ C -f . (xlt 
LfctliGR I NU>X3 4 i:^FI3 3^1^77 ^(m'-3 1 ic A £ - jgifi L fcft 4 3 
tt#7*W*'J-7*3 8 ^■b^gMcj&tl} S n. 7 * h ^^t-K3 7lcA5Ci:ttMv\ 

[0016] 

*HUMfFL/i7fe^"7-^-7-^|ffffiLf-i: 7J|S]te*f1x*>»2 3 -2 4 dBt^ 1 ) 

» *l£ 2 5 dBWltiS C fc **T-§ %fr^rz. ^I^tt^tt i: li. 7^7 r -f ><- 3 

1 ^"oft* AttfcBf lc 7 * h 7* -i 3r— H <^Stl^A (mA/W) t . ft 7 t -i ><- 3 2 
^<o7t* Atlfc^PlC -7 * h H<?)f7tf«gB (m A/W) t<7>it* ( dB) T-^L 

^|SH*J»te= 1 0 1 o g (A/B) T-tfS^ tl^, t c7>T-*>^ , 

[^B^c^^tf] 

L * 7 k t^HI] 
[0017] 

tbfcTfecO^Tft'Ty^xMX'i - -7*^3ii| LT^^{C«CttJ 3 tli 4 . ^7 7 7'j-7rtliT' 

H IC A -5 C t . Zlogu. ^7XiX'j-73 8 LXW*ffifr<b?c (H 4 lc~^M^^ 
7^tP4 5?^LTv»4) )b*-7^h t*-( t-KCASCtft^iibiii. 75 |fij 14 *f 14 H v » 



<3T> *Z> o 

[0018] 

#j l-f £ ft "7 - t 7 - T- £> >K GR I N^Xt7t K ^'f t-H§i^LT05^'J 
-X£i§ IT A^^Tt^^^tcMffif-t^. C ho 7t7 7 A'-Bib^AltL? -^1 

[SS^fW^-t-S £<S6<7>¥&] 
[0019] 

tttSGR I Nl>Xli, l&P3MJ4*^^-XT-[I]#2*lT:fc > K GRINU^XtHuie 

'j - 7-?iif $ ntTt^^ - 1 - y o t , HuieP3tt^<7)^ff^^^i- -6 x -j - -7*60 — 75 

Affile tt G R I N U > XJ?A?L flfc7j*>S»ffik: a L > Xtf § 7 * h r -f K # A?L*>* 
&i+«b*u c:ti'bf¥AJL<^4"l>IAttx m - ¥firT--f *it v . GRINu>X 

J?AfLk U > Xtf S 7 * N r >f K f? AJLtt . X - -7*<7> l&4'2fe§&"C? fixmm L T *» 
*) » 7fe7T^ A*>«b At* L G R I N U > X<50 7 "7-fliT-jxtt L^c^li^7 r -f ><- B 
KA >> . igiSL fcTfefl u > Xft§ 7th y^ft-HlcA 1 ) ftM^USL. 7t7 t -f ^*-B 
i^Att L G R I N u > X<7> 9 «y 7'JST-jxtt L tzitMitv r Ale A 0 . L 7c it 

[ 0 0 2 0 ] 

t >r ><-A**<b xmLfzitm^it. Mmizis^T&mizmmz ^-^gK** 

v £**<b GR I N U > Xt A*. G R I N U > XflT-li. ft^iiff ft^^ffc;? ttB&^Rf 
ftlc&ofck C*>T-7 -y -T-JSiciJaiL. - £ fU T- Jx Jtf k 4 7 , JxttLfc^fctt 

* S^GR I N L 7 Xi^^iiiiL. Mlc t^- A&fc**&<bn&*>*<b]itfT L. ?S ffl IC JSC *t 3 *l 
So 7t7T-fA'-B^«Ii:Ti^^^y, 7t7 r >f ><- A^«b AW Lfzitfrit 

7T^<-Bt|j|t5. ? -7 ^Jg^jgig Lfcftli. x >; - Xic J; o T G R 1 N u > X^ 
k-f <b LTEf ^ ft£ U > Xft§ ~7 * K 5M K lc A *) v ftft^PJSTS S . 
[ 0 0 2 1 ] 

it~7 t A - B h Am L ?t tt . ^ ffil ic ft $ n G R I N u > X k: A 5 . GRI 
N U > X^TMi^c^ai^f ^ft<? -tt»&¥tf ^clC 5oti::^T\ ? -y 7JglC J: v -S<^>M 
tt Sii^tf 4 7 . 9 v^mX'fxmLfzitlt. G R I N U > X. ^RR^jgg&fcSK »> #7 r 
-t Alcm^c-r 9 -y 7-(iT-gi L/iTtli. GR I N u > X<7>*'ki»ic*t LTttft* 
^riSjtitA, X -Xp«9lc^ltfc«&S[i.<7?P t 3eiCt?v^Tjxt=f L. -3^S L * ** «b ?t Jl 7^ 

GR I NuvX^^fSjtc^O. u>Xf^§7^-h At* L^cvu 7tcfl,c 

[ 0 0 2 2 ] 

GR I NV^Xtv*h f^t-H^oiU-l-T-U, Pm*>ttf**>MSS**«b G R I 
Nt7Xk7th f -i ir— K ft s A^ ft £ 14 £ "f «b LT^lt. PI » W B& 4> * 25 T ^ 
6*^)b*S+$tc^-^o 5**>5fc3|fitt£o fcfl24fcTttSr < . P3 tt W » J« ffl k l& ¥ ff lc* -6 c k 



c_ s a r y i — r ibj rra td. x u i\ i n f ^ ^ vy-a; \- /aj »i ^ , v a r ./ -i /i - r vya: \- 
7 * h ? K ic U > X**ftv*Tv*4 *»5**"CfE*> -o T < £ L^L. * 

- 7* <z> ft (I? AfLi: ¥fr & F<3 Ml ^ <?> ) IfcK) IJGR I N I, >X^Ei 7 t h 7 

K <*> SB BB + c i: Li\ 

[ 0 0 2 3 ] 

[ 0 0 2 4 ] 

X'j-7"^ttIi:lT, 2SHB3:tt**fcfl£fl! L fcif^tc i J . ft x - -f t\ <r> l&H it ft 
» ftH^Tlc^- -7 - t - 9 -ic Alft-t S»n***S . 7t^"7 - 9 -fe^JKtt L 

Uffammx-ixm l . mftuxftfaizmif-tz z t ftm<tx\*. 1 3 1 0 ( 

nra)tl 5 5 0 (nm) tu, fc£»£tf>*t * ffl X H 0 . *S Uftffii&9\~coft% f$ffl L 

*ub*£>So ^<r>TzSb. XM-^lcii. 7t%j8»L4^ttIil»*ai[L<, ft >< "7 - ^ - 9 - 
5f SU»c JIB ft 3 ■efcv* c t frtf t Uv\ 
[ 0 0 2 5 ] 

fcU<OT'. flBt L < li rt/SHT-ixtt^^ 0 312 i±S C t X. fty -r ^-B h-^tUX 9 

•^t#7X, 7' 7 x f- -v * fr&mx B £ c Hfe^-fe 5 $ ^?tt, t * ^ 5> ^ n =. 
T» ^ftliifl. SftT * 5 » V7H7x^-fh s M-h'7iMI« ft*® ITU 

-So Ifel^^7 x^ft^T-lJ. x 'J #^±JJC$-lc L^t^-fr^ = $ £ JS ¥1- ic L 

% * 9 -T-zummizLtzie). mziz?ix<b<nm&tfn ! b®.mxB nfe^^^x^- 

nhm&falziiLXlt&dbft^Sj&X'&Zo ^73 text Lgf t^ii'Srv^ J: 7 fc i" S ic li . 
[ 0 0 2 6 ] 

*^lfl^m-^|Sltt^/^ -7 - t - 9 -XI*. GR I NU>X£u>Xtt§7*H ^-f^ 
7 * V 9° A t- K <7) U > X(i.SD Lfc i: § . 2L>1. 5 1 7 R + D/2 T'*5 : t <)' 
[ 0 0 2 7 ] 

7ta hr- i±<r>ffimmfix-u%fa&'&^'t<F>xi$% < . < ^-A^MiT^is) 

A<?)ii^f 77 isjic^-r § ra&T£>£ ^-^ij*ait?icoti^ ❖ ic ^-unm** *> . ^/^ 

SSLTu<;i:i:45. tf - ^iltf 7j|S] ic >rt L . if <7>ft gle *j t-t -SffiSfffifc o T ^ 

^in-r s c t ic i *) j£dbz z t &-^m\z ft*, v-ucnfct**) m-siz-o^xn. wttm 



*d. an -S3 IB 15jt 'a. 1T •* >— <- W'JL? SC 'd. -O o 'C *- V. x C_ — ZJ* 7!K /X Iw A'J v 1 / C - 73J 

[ 0 0 2 8 ] 

*%Bfl^^-^[^'t±7fe^"7-^^ 7-14. *-H<»?t-7 t -i A'-A^bAttL 7 -v 7|g|£^ 
iffi L -y th^U-H T*ft*n L . ft!L77<7>ft7 t B i^Alt L 7 «v 7/g£ 

X<7)^'^l4i:b>XM-§7^h 5^ -f ^- — K<^ + /[>$|b<7)-fil*liMWT-£>.2)o tr — A <Z> + 'fr 
%SlcWL> ^Sfc* 1 %lcjas-t Sfi ^14 77**7 x^-^#^cr>l. 5 1 7iJ: LT$ft5 
Ck<) , ?*«. 1 % ic & L *t ** u > X # 7 * h ^-ft-HtAWL4v^7ftttI 
W&ic-*-* \z 14. tf'OWi^-f niw 2 fg<oft£ , 77*7 x tr - u^&<d l . 5 1 7 fgic u > 

x ft 7 T A^ft^ A*l£B$<50 7 * h f <\ V <r>&?]A £ , 7t7T^A'-B^b 

it* Kntzm<nv * V 5M ir- h^tH^BTli> tB 7J B 1 4 it} 73 A ic it ^ ^ =5r < i: t 2«rJil 
±*> 31 * If o T * 3 <t5Ct rT ft6 i: * * . 
[ 0 0 2 9 ] 

%fz. ft SL It. U > Xft§ -7 * h ? -i K <F>9Y%<7) 1 / 2 «k 0 t /.M u 

2£>):*:§<&£i:x GR IN^Xt7th yu-H4itt5^')-^ § < tc 
£ fzdb. m&*t A Xb*±% <^oTLl7 7cltT'& < » X - "7* <r> £H fF ft* B M\Z & -5 . * 
<L>$l5<7>-f ft»**U y XtfB i * h 7^t-^l^l/2^il^TL^ i: . x-j- -7*<t> 

KtcASt^^SCi: **{iJ*ft < *3fSlfc1±**i#;xL*fctf>T*>*. 
[#xtBfl<7)#jJj|] 

[ 0 0 3 0 1 

tt»U ft 7 r ^ - B A3* L 7 7 7 Jg £ a L ft 7 * |- t - KtcASC t 
*W't*.&ft>< , 7-*^7-?*>'K GR I NL>Xt7th r^f t-K4ffAt«?L^)4' 

*m LT A^^^c^^^lCaiilf-t-5 C t. £ tz . 9t 7 r ^ - B h A W L 7 «y 7 fli * jfi 

[^Bfl^^lfe-t -5 fc#><7>ftH<DJF2flg] 
[ 0 0 3 1 ] 

imwrn i ] 

[ 0 0 3 2 ] 

4* 1 t-iH^Tte , ) 1 ^SlJ 1 . 8mmT-£>£o t\c 7 r '< - A £ B <F> m It > 25 
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